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Abstract 
In this paper the influence of multi-walled carbon nanotubes (MWCNTs) (the average outside diameter of 8nm) in carbon black 
mixture (industrial carbon black N330) on the technological, physicomechanical, gasbarrier properties and visco-elastic 
behaviour of the rubber while incorporating simultaneously two fillers are considered. For the comparative evaluation of the 
obtained results two check samples: the single-filler carbon black only and MWCNTs were used. As a result combined 
application of two fillers has improved the technological, mechanical, gasbarrier properties and visco-elastic behaviour of the 
obtained elastomeric materials compared to the samples using a single-filler material. 
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1. Introduction 
In recent years carbon nanotubes (CNTs) are on significant rise and as a result their cost has been decreased. 
Therefore carbon nanotubes (CNTs) have attracted enormous attention for their application in different branches of 
industry. The investigation of CNTs is an important and prospective direction of recent research. Multi-walled 
carbon nanotubes (MWCNTs) are widely used nowadays due to ease of synthesizing when compared with other 
types of CNTs [1]. Due to their properties, such as high strength, diameter length ratio and so on one of the most 
important opportunities in the future is the emergence of a new generation of composite materials with the improved 
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properties [2-5]. However, the simple addition of CNTs in the rubber mixture does not produce the desired results. 
Nanotubes coagulation results in poor dispersion in a high viscosity of elastomer because of the strong van der 
Waals attraction [6]. 
In order to overcome this problem different techniques are used including the modification of the nanotubes 
surface [7-10], the application of hybrid fillers [11]. They improve the interfacial interaction between the filler and 
the rubber matrix. 
2. Experiments and results 
The aim of this paper is to study the influence of MWCNTs on the technological, physicomechanical, gasbarrier 
properties and visco-elastic behaviour of the rubber while incorporating simultaneously two fillers: carbon black 
(CB) and MWCNTs (sample 1 and sample 2). For the comparative evaluation of the obtained results two check 
samples were used. They were the single-filler CB only (check sample) and MWCNTs (sample 3). 
In this study multi-walled carbon nanotubes with the average outside diameter of 8 nm were used. For achieving 
good dispersion its surface was subjected to chemical modification by ozone. The compositions of the fillers are 
shown in Table 1. 
 
Table 1. Filler concentration, wt.% phr (parts per hundred parts of rubber). 
Filler Check sample 1 2 3 
CB N330 35.0 34.5 30.0 0 
MWCNT 0 0.5 5.0 5.0 
 
To evaluate the effect of MWCNTs on vulcanizing the tests were carried out on a rotorless rheometer according 
to the Standard Test Method for Rubber Property—Vulcanization Using Rotorless Cure Meters (ASTM D 5289–
12). As seen in Fig. 1 the increase of nanotubes in a hybrid filler influence slightly the vulcanization characteristics 
of the rubber blends. The optimal vulcanization time is found to decrease while the vulcanization rate increases. 
With regard to the sample 3 which does not contain CB the vulcanization time of 90% gives rise compared to that of 
the check sample. 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Optimal vulcanization time (T90) and vulcanization rate (Rv)of rubber mixture filled with CB N330 and different MWCNTs 
concentration (0; 0.5; 5.0). 
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According to our experiments an increase in stress value at 100, 200 and 300 % extension was observed (Table 
2). Tensile modulus, tensile strength, ultimate tensile stress-strain properties and nonreversible strain have been 
shown to increase. The vulcanizate properties filled with nanotubes are markedly decreased compared to the other 
samples, it indicates dehomogenization of the sample 3. 
Table 2. Physico-mechanical features of rubber filled with CB N330 and MWCNTs. 
Parameters Rubber mixtures 
Check sample 1  2 3 
Stress at 100% elongation MPa 1.09 1.22 1.49 0.978 
Stress at 200% elongation MPa 1.9 2.14 2.64 1.67 
Stress at 300% elongation MPa 2.85 3.19 3.93 2.35 
Tensile at break MPa 28.0 28.0 28.5 10.9 
Young`s modulus MPa 0.95 1.06 1.31 0.78 
Tensile strain after break % 1071.7 1149.5 1144.0 1212.1 
Tensile set after break % 26.5 29.5 33.12 – 
 
In this study the visco-elastic behaviour of the produced samples were examined with dynamic mechanical 
analyzer DMA 242 D. The elastic modulus Е' and mechanical loss tangent values tan δ in the temperature range 
from 40оС to + 40оС at oscillating loading with 1 Hz frequency under «stress-stain» conditions are shown in Table 3 
and Figure 3, 4. 
Table 3. Dynamic properties of experimental rubber samples. 
Factor 
Rubber mixtures 
Check sample  1 2 3 
tan δ at -40 ºС 0.400 0.411 0.359 0.427 
tan δ at 0 ºС 0.113 0.093 0.129 0.041 
tan δ at + 40 ºС 0.073 0.06 0.087 0.017 
Е' at - 40 ºС MPa 16 15 25 7 
Е' at 0 ºС MPa 8 7 13 4 
Е' at + 40 ºС MPa 6 6 10 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. Dependence of mechanical loss tangent on the type and concentration of fillers at different temperatures. 
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Fig.3. Dependence of elastic modulus Е' on the type and concentration of fillers in the temperature range from - 40оС to + 40оС. 
It can be seen from our results shown in Table 1 and Fig.3 that mechanical loss tangent values of the samples 
changed slightly and are about tan δ value of the check simple. In should be noted that at the negative temperature 
the elastic modulus Е' value of sample 1 and sample 3 decreased compared to those of the check sample and sample 
2. At the positive temperature and about zero temperature the elastic modulus Е' value changes in the following 
way: sample 3 > sample 1 > Check sample > sample 2. The addition of 0.5% nanotubes to carbon black increases 
the elastic modulus compared to the check sample. It was observed that the elastic modulus Е' was dramatically 
increased for the samples filled with 5.0% MWCNTs and 30.0% CB.  
In order to determine gasbarrier properties of rubber the tests using high frequency nitrogen were carried out on 
the vacuum tester VAC-V1. Fig. 5 shows that gas permeability coefficient of rubbers for all three samples decreases 
significantly compared to the check sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4. Dependence of gas permeability coefficient on MWCNTs filler loading capacity of the experimental rubber samples. 
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3. Conclusion 
Combined using CB and MWCNTs as fillers has improved the technological, mechanical, gasbarrier properties 
and visco-elastic behaviour of the obtained elastomeric materials compared to the samples using single-filler 
materials. It is believed that it is resulted from the improvements in the dispersion of MWCNTs in the presence of 
carbon black. Using multi-walled carbon nanotubes as the only single-filler did not influence greatly the basic 
properties of the obtained material, it is likely due to poor MWCNTs dispersion in rubber. But on the other hand, it 
improved markedly the gasbarrier properties. 
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